Background: Infections with human papillomavirus (HPV) types 16 and 18 account
| BACKGROUND
Infections with human papillomavirus (HPV) types 16 and 18 are responsible for approximately 70% of invasive cervical cancers. 1 While most infections clear on their own, some develop into precancerous lesions and cervical cancer. Previous studies have shown that many women with incident HPV-16 or HPV-18 infections develop serum antibodies of the corresponding type of HPV. [2] [3] [4] [5] [6] [7] [8] These naturally acquired antibodies can remain detectable for at least 4-5 years after the initial infection. 9 Whether or not these naturally acquired antibodies protect against future infection remains debatable. [10] [11] [12] [13] [14] [15] [16] [17] [18] Risk of incident HPV infections in adult women is positively associated with new sexual partners and with the lifetime number of sexual partners. 19, 20 In older women, both new viral acquisition and intermittent detections of HPV from past HPV exposures are likely to account for what has been classified as apparent new HPV infections. In women 30-50 years of age, factors associated with repeat HPV detection have been shown to be comparable in short-term and longer-term studies, suggesting association between shortterm repeat detection and long-term persistence. 21 As incident HPV detection is negatively associated with viral load as well as with repeat detection, this suggests that actual new acquisition of HPV is less common than reactivation or intermittent persistence. The role of naturally acquired antibodies in the prevention of new infections and cervical abnormalities can be explored in the control arms of large HPV vaccine trials. A correlation between naturally acquired antibodies to HPV-16 (and to a lesser extent HPV-18) and reduced risk of newly detected infection was demonstrated in younger women (15-25 years) in the control arm of the PApilloma TRIal against Cancer In young Adults (PATRICIA; NCT00122681). 12 Here, we examined the risk of "newly" detected HPV infections and cervical abnormalities among women >25 years in relation to naturally acquired HPV-16/18 antibodies in the control arm of the VIVIANE during a 7-year follow-up period. 22, 23 Our aim was to assess whether the risk factors for HPV infection differed between seropositive and seronegative women. We also analyzed risk factors stratified by baseline serostatus to mitigate the limitations in differentiating between new and reactivated infections.
| METHODS

| Study participants and procedures
Women aged >25 years were included in the control arm of the multinational, VIVIANE trial and were followed up for seven years. VIVIANE is the Human Papilloma Virus: Vaccine Immunogenicity and Efficacy trial. This is a phase 3 double-blind, controlled vaccine trial based on age, cytology, region, and serostatus. 23 The methodology of VIVIANE has been presented in detail elsewhere. 24 Our analysis included women DNA-negative for HPV-16 and −18 at Month 0, with normal or low-grade cytology (ie, negative or atypical squamous cells of undetermined significance [ASC-US] or low-grade squamous intraepithelial lesion [LSIL]) at Month 0, who had received at least one control vaccine dose (Al[OH] 3 ) and who had sexual intercourse before or during the follow-up (Figure 1 ).
Serum anti-HPV-16/18 antibodies were determined by enzyme-linked immunosorbent assay (ELISA) from blood samples collected at baseline and every 12 months thereafter. Seropositivity was defined as an antibody level greater than or equal to the assay cutoff which was 8 ELISA units (EU)/ mL for HPV-16 and 7 EU/mL for HPV-18. 25 Liquid-based cytology samples were tested for HPV using DNA typing PCR-based assays every six months and cytopathological examinations every12 months. 25 Information on known risk factors that predispose women to HPV cervical infection or recognized cofactors for cervical carcinogenesis was also collected through questionnaires. These data were collected at study entry and included demographic information, smoking habits, past and current sexual history, and reproductive status. In addition, data on participants' sexual behavior and use of contraception were collected every six months up to month 48. Written informed consent was obtained from each woman before any study-specific procedures were implemented. The protocol and other materials were approved by a national, regional, or investigational center Independent Ethics Committee or Institutional Review Board. The trial was conducted based on the Code of Ethics of the World Medical Association (Declaration of Helsinki).
The endpoints included in these analyses were (a) newly detected HPV-16 and HPV-18 incident infections, (b) 6-and 12-month persistent infection (PI), ASC-US+, and (c) histopathologically confirmed cervical intraepithelial neoplasia T A B L E 1 (Continues) grade 1 or greater (CIN1+ and CIN2+). HPV-16 and HPV-18 serostatus were the main exposure variables.
| Statistics
The analyses were performed on the total vaccinated cohort (TVC) of the control arm of the VIVIANE trial and included all women who received at least one control vaccine dose, who were DNA-negative for HPV-16 and HPV-18 at Month 0, and who also had a normal or low-grade cytology (ie, negative or ASC-US or LSIL) at Month 0. All analyses were performed on women who had ever had sexual intercourse before study entry or during the follow-up period. Analyses were performed using SAS version 9.2. The incidence rate (IR) was calculated as the number of incident events divided by the total person-time. Person-years were calculated as the sum of the follow-up for each participant expressed in years. The follow-up period started on the day after first vaccination (control vaccine) and ended on the first occurrence of the endpoint or the last visit (whichever occurred first). The relationship between the exposure variables and the risk of newly detected infections or cervical abnormalities was assessed using Cox proportional hazard models. Univariate analyses were done to obtain unadjusted hazard ratios of the determinants of interest (not shown). For each endpoint, the following multivariable Cox models were performed including:
1. the type-specific serostatus at baseline as a binary variable; 2. the type-specific serostatus as a binary time-dependent variable; 3. the antibody level as a time-dependent continuous variable; 4. log-transformed antibody level as a time-dependent continuous variable.
For each endpoint, we included nine covariates in these models: region, age at inclusion, age at first sexual intercourse, marital status, smoking status at baseline, number of sexual partners during the past year, previous pregnancy, history of Chlamydia trachomatis infection, history of HPV infection/ treatment or nonintact cervix. HPV-associated infection or treatment was defined as two or more abnormal smears in sequence, an abnormal colposcopy or biopsy, or treatment of the cervix after abnormal smear or colposcopy findings. The histories of HPV infection/treatment were collected at baseline using medical history.
For ASC-US+ only, previous type-specific HPV infection was included as a time-dependent variable since the presence of these cells indicates an active infection at a specific point in time. For CIN1+ and CIN2+ endpoints, no inferential analyses were performed due to the low number of cases. Also, analyses of determinants of interest were performed separately for the baseline seronegative and seropositive subjects to help determine whether newly detected infections were new or had been reactivated. The analysis is based on two assumptions: (a) An association between a latent reactivated infection and a known risk factor should be weaker than an association between a new infection and a known risk factor. (b) The reactivation of a PI should be more frequent in the baseline seropositive (representing presumed prior HPV infection exposure) subjects than in the baseline seronegative (representing presumed naïve, absent prior HPV infection exposure) subjects.
| RESULTS
| Study population
In total, 2687 and 2705 participants were included in the analysis of HPV-16 and HPV-18 endpoints, respectively ( Figure 1 ). There was a difference of 3% between HPV-16/18 by serostatus at baseline. Seroprevalence at enrollment was 31% (828/2687 seropositive women) for HPV-16 and 28% (756/2705 seropositive women) for HPV-18 (Table 1) . This difference is entirely in agreement with the well-known higher prevalence of 16 than 18 in HPV infections.
Among those seropositive at enrollment, the geometric mean antibody concentration was 38.3 EU/mL (range: 8-2527) and 23.3 EU/mL (range: 7-725) for HPV-16 and HPV-18, respectively.
At enrollment, 45% of women were 26-35 years old, 44% were 36-45 years old, and 11% were ≥46 years old. Nearly all participants had been previously sexually active at the start of the study, except five who had their first sexual intercourse during the follow-up. 56% had started sexual activity between 18 and 25 years (32% between 15 and 17), 80% had had one sexual partner during the previous year, and 84% had had a previous pregnancy. Moreover, 14% of women were current smokers, 5% were C trachomatis-positive, and 87.8% were classified as pre-menopausal, 6.5% as peri-menopausal, 5.1% as post-menopausal, while the status for the remaining 0.5% was missing.
| Incidence rates of the endpoints
The IR per 100 person-years of newly detected infections was HPV-16 CIN2+ cases, and 9 HPV-18 CIN2+ cases were detected.
| Multivariable models
The multivariable Cox proportional hazard model, including the serostatus at baseline as a binary variable, showed that the risk of newly detected HPV-16, 6-month PI and ASC-US+ was statistically significantly lower in sero- Table 3 ). Other determinants (Tables 2 and 3,  and Supplementary Tables) associated with a The analyses stratified by baseline serostatus showed that these risk factors (number of sexual partners in the last 12 months, living single and smoking) were more marked in seronegative than in seropositive women (Table 4) . type-specific HPV, PI, and ASC-US+ compared to seronegative women. This result agrees with the hypothesis that naturally acquired HPV antibodies probably provide only partial protection against subsequent infection with the same HPV type. However, HPV-18-seropositive women had deficient levels of protection. Any naturally acquired protection afforded by either antibody is unlikely to be better than the benefits acquired by vaccination. Another study has found that women aged between 30 and 50 who were seropositive for high risk (HR) HPV at baseline had a higher incidence of new type-specific HPV infection than women who were seronegative. 26 The association between seropositivity and the reduced risk of new infection was less in our study of 26+-year-old women than demonstrated in our study of younger women aged 15-25 years in PATRICIA and in the Costa Rica Vaccine Trial. 12, 15 This low protective effect or even absence of protective effect in >25-year-old women could suggest waning of the natural immunity but it could also reflect reactivation of prior infection. 26 In the present study, we were not able to determine an accurate antibody threshold value for a defined reduction rate in infection. In the PATRICIA trial, HPV-16 antibody levels comprised between 200 and 500 EU/mL were associated with a 90% reduction of incident infection, of 6-month PI and of ASC-US+. 12 For HPV-18, seropositivity was associated with a lower risk of ASC-US+ and CIN1+ but no association 
| DISCUSSION
T A B L E 3 Multivariable Cox model for HPV-18 newly detected infections and cervical abnormalities including serostatus at baseline
Risk factor Category Enrollment serostatus (binary)
Previous cervical HPV-18 infection
No --Yes --HPV = human papillomavirus; PI = persistent infection; CI = confidence interval; ACS-US+ = atypical squamous cell of undetermined significance or greater; N = total number of subjects; n = number of cases reported. Bold: P-values <0.05
was found between naturally acquired antibodies and new infection. 12 The current study also attempted to consider the change in serostatus during the follow-up period. Including the serostatus as a time-dependent variable and as a continuous variable in the Cox models is original. In a recent metaanalysis, assessing the naturally acquired immunity against HPV infection, none of the 14 included studies considered the possible change of serostatus during the follow-up period. 27 Overall, our various models gave consistent results.
However, the interpretation of the time-dependent serostatus models can be challenging because of the interaction between the change in antibody titers and the incidence of new HPV infections. Because the serology was collected every 12 months and the cervical sample every six months, new, but undetected, infection could have boosted the antibody titer.
In another analysis of the control cohort of the VIVIANE trial, the risk of detecting CIN after natural HPV infection in women aged >25 years was similar to that observed in women aged 15-25 years from the PATRICIA trial. 24 This observation suggests that there are little to no age-related differences in the detection of natural HPV infection and their associated CIN lesions. Our analysis of determinants when considered separately for the baseline seronegative and seropositive subjects partially supports the hypothesis suggested by other studies that most of the newly detected HPV infections in seropositive women would be a reactivation of prior HPV infections.
19,20
The strengths of this study included the large cohort size of approximately 2700 women, and the relatively extended follow-up period of seven years, which allowed for a thorough evaluation of an unvaccinated cohort. This study also had several limitations. A cervical sample test was performed only every six months, which could have meant that some incident HPV infections were not detected. In addition, it was not possible to determine whether an infection was quiescent, persistent at undetectable levels or was a new infection. Evidence exists that type-specific HPV infection can present after a period of nondetection. 28 Based on this assumption, some infections considered as new could indeed be a PI. This scenario could also bias the assessment of the relationship between natural antibodies and risk of new infection. Furthermore, the number of CIN1+ and CIN2+ cases was too low to allow for inferential analyses. Since we were unable to define which HPV type caused the abnormal cytology, ASC-US+ lesions could ensue from non-HPV-16/18 types. Further research is needed to better understand the natural history of HPV infection and the link between seropositivity and subsequent protection in women of different age groups.
In conclusion, multivariable Cox analyses showed evidence of lower risk of newly detected incident and persistent HPV infections and ASC-US+ in women with naturally acquired antibodies against HPV-16. The results for HPV-18 are not conclusive since only a limited and nonsignificant decrease in risk was observed. These findings are consistent with a partial protective role of naturally acquired HPV antibodies against future infection with the corresponding HPV type. However, no threshold of antibody levels necessary for protection could be defined.
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